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(57) Abstract: Optically active compounds represented by general formula (11) or salts thereof are prepared easily and in an ex- 
tremely high enantiomeric excess and a high yield by oxidizing compounds represented by general formula (I) or salts thereof in the 
presence of both a substance acting as a molecular sieve and an asymmetric induction catalyst: wherein A is an optionally substituted 
benzene ring; R 1 is H or the like; R 2 , R 3 and R 4 are each H, optionally substituted alkyl, optionally substituted alkoxy, or the like; X 
is N or CH; Y is N or CH; and * represents an asymmetric center. 
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<d#£T, B6^f5 2:ttc«fc0, S(ll) 
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cs**, &iB*tttffiiE traits *tt^+^**-r) T«sns3t^stt 
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m m m 

5 miftm 

tRfottzztiz&oyt^mzzjVttisFfc&to&llttlk (WO 9 

6/0 2 5 3 5, 1 0- 5 0 4 2 9 0^i) , rMt-&& 

15 ftX;U**S'hMfc£&£&S#ffi (WO 9 6/1 7 0 7 7) UZtfitoZtlX 
xh^^\Hn> (Tetrahedron), 43 #, 2*1, 5135 H, 1987 ^Ctt, 
□ ( + ) -IHi^lfJk ^-^7A (IV) -fvyo^yh'^ 

25 



WO 01/14366 PCT/JPOO/05682 

2 

CI) it (I) 



R 3 




f&5£ (II) 



R 3 




c^*, mzmmmtmMm* ^w^l^t) T^^n^^stt 
^^ti^fc^cD^ cot, cm tmz?& (Dmm&; 

20 C3) y^^jih^t&sms en mm.<Dm&&; 
C4) (in T^nziksm^ ^ 
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4 

5 ac,.,/;^ (ft X^Jk 7°Dt°;k -YV^OtfjK 7*^Jk 

<V7'fJK sec-7*^;k ter t-7*^^>^;i/, ^7*3^1/30 ^ 

lif^ns. i£ rg^s^WtT^xfcct^jJWH (D rgjftsj tut 
7°d^+->, 7>^->H) , c,_ 6 7;u=i^->-^;^-;i/ / 

& rg^s*wtTViT s b«k^7;i/3**>j © r7;m*->j £LTte, 

miiCj.jT^^x (00, Xh+v, 7"n#*->, -f77*o'# 

^S^bT^TfcJ;vv7;H]+vj cd tm^Sj tutu mm rg^S 
swbTWb«fcVi7;i/+;pj m&m} i^ofeo^^^tf e»n 

1$ rju-;i/j tbx\t, 0yx.«c 6 _ 14 7>J-;u (09*.«, 7xx;k i 

20 -^-7^;k 2-^-7^, b*7x-UJk 2-7>7s'j;M£) fcEWmf 

25 & r7v;h tuxti, 7;u*;i/#;i/#x;i/, 7;io* 

;k 7;w^;p*-jufet**«^vfe)na. 
& r7;p+;i/^;^x;w tuxtt, c 1 _ 6 7;^;u-*Ji/^x;i/ (flu 7 

30 m r7;m+->^;^-;uj tLTtt, ^j^.«c 1 _ 6 7;m^rv-*^x 
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5 

)V ;* h*v#JP#x;k Ih+y*i^-JK ^Dl+y^M-JV, 

5 ^t^-tDvn^ )V m> n, N-v^^;u*;w\ ,: e<;k n, N-yif 

;*9\>ptj|/*xjp, x^jptji^x^, t?;P7Ji/*x;k -fV7°nk> 

& r7~>;M-*vj tuxtt, m^ji^kfr^xju:**^ 7Ji^ 
*v#;u#xji^*;/, ^jw^-om-^-x 7;i^;i/#;w\^<;i^~x 
15 7;u+;i/^;i/7^x;i/^v, 7;u+;i/^;i/*x;w^-+<>^:£^tfe>ti*. 
m r7;u+;^ju^x;i/^^j tixn c 1 _ 6 7ju^;u-^j;^x;^ 

& r7;m+v*;i/^x;u^-^vj £bT&, ^utfc 1 _ 6 7;U3+*>-* 

25 £ t7)V*)V7>)V7 4-)Vtti'} tLXlt, ^A«C a _ 7 7;WUXjU7 

^-M*-> (00, *3\M/;uI/7^xjm-*->, xg^u^^^xjM-^x 
30 (0iJ, ^jI/TJI^xjm-*^, x^i/Tji^xjM-^v, ^Ptf 
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*.f*l-3ffi) ££tJ5fc^Ll0ft (0?iL<fct5£fc«6M) $&3R£ 
5 ifimtfbft* McWmtLXlt, 2-£tz\$3-?-X-)V, 2-, 3-£fctt 
4-t!'JyJk 2-£fcte3-7'j;k 1 -, 2 3 - tfP U Jk 2 
-, 3-, 4-, 5-$fcli8-^/UJk 1-, 3-, 4-£fc«5--f 

* L < 1 -, 2 - Sfcfi 3 - hf □ U ;l/ft£<7) 5 *fcf*6 MHfcSUTca 

10 3o 

7;i/*;k Apy><fcsnT^Tt>«k^7;up+->*«k^5*fc«6Rigm 

-x 



15 





R^ItMIH^ APyHt^tlT^Tfccfc^C 1 _ 4 7;^Jk AP 
20 y>^kSnT^Tt>«fc^7;p3*">*fctt5*fctt6fi«[*l!!ai, r^mie 
£EjSc8£^-f) Ti$nsST^5. R 5 te$?£L<«, (1) tKS&HC^ 
(2) APy>fc$nT^Tfcek^C 1 _ 3 7;i'P^>, (3) 1 -, 2 - 

£fcte3-tfPU;i/r&5. 

25 iLTH c 7 _ 16 77ju*;p (flu ^>>Mk 7i^Mt* 
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0C 6 _ lo 7U-;i>-C 1 _ 6 7.M i ;M$) &£#Wbft&o & Tg^g^W 

5 

io r 1 1 Lxtzz b < wmm^r&Zo 

R\ R 3 ££teR 4 T^£n3 rg^g^^LT^Tfe<±:^7;^;i/Sj £ 

nil mumA(Dm^mtLxmmLtc mmm*mi>x^xb&^7)i 
15 tbxte, mmmA<DwWkmtvxw&istz m^m^Lx^xh^r 

R 2 , R 3 ££teR 4 T^K$n3 r^SS;#tT^TfcJ;^7$ySj <hL 

;u7^y^) , ^y-c 6 _ 14 7U-;i/7^y 7x-;i/7^y, i-^- 

*:^7^a vx^;P7^y^) * v-c 6 _ 14 7U-;u7^y c^u. y7 

R 2 «$?su<tt, c,_ 6 7;u+;k cv^io^x c 1 _ 6 7;m^rv- 
c 1 _ 6 7;Pn^->, v-c 1 _ 6 7;WP7^/ts^> 0 ^^c^Klic,. 

25 a 7)V3r)lX&% 0 

ADy>-fb$nTViTfe«fc^C,_ 6 7;U3i+vTfe^)o £b££?£L<teAO 
^>-fb$nT^T i fo=l:^C 1 _37;H3^->T^§. 

R 4 «$?£L<ra:, **M : P*fc«c 1 _fl7;^;i/T*s. b< 

30 tezk^Ii^FTf&S. 
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it£® (I) OlcWJilTH 2- [ [ [3-^^-4- (2, 2, 2 
-hU7MDXh*y) -2-tfUv^jl/] ^JlO tt] -lH-^> 
5 X<m?V-)\>, 

2- [ [ (3, 5-v^5 1 ;u-4-^h+v-2-tr , J> 5 -ji/) 

*] -5-* h^y- lH-^>X-f 5^/-;^ 

2- [ [ [4- (3-^h^y7'D^y) - 3 2 - tf >J 

10 5-y7Mn^h + y-2- [ [ (3, 4 -v* h*->- 2 - tf 'J v-jl<) 

i0t)lj"2- [ [ [3-^^-4- (2, 2, 2-hU7;WDXh + 
*» -2-bfUvx:Jl/] *3\M/] - 1H-^>7W5^/-M« 

UK 

15 (I) tLT^Kil 5£ 




20 

a (i) s/ttts (in Ti^ns^ftcitixn m^mzm^zn 

JR£ ; 7>*-£Ai&fc£?Wtf S>tt5. 
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9 

u > v 7 s > ft e t © % nfim \i b n £ o 

it^tt (I) te, ifr^ftia)^i*fc:«l:0«jfC#, &m$, 2 - [ [ [3- 
(2, 2, 2-h'J7MDlh+y) -2-tfUvx;H * 

- 5 0 9 7 8 ^$B, USP 4, 628, 0 9 8, 4#Pf!¥ 1 0- 1 9 5 0 6 
8#&$8, WO 9 8/2 1 2 0 1 ^tClB«0^ft*fctt^ne»^2pi;fc^ 

m r^«tfpffl*wr5«Kj tutu afl^tafrsoHtfLsw-rs-t? 

+ a7-y-7 , 3A (K 9 N a 3 [ (A 1 O a ) a2 (S i 0 2 ) 12 ] • 2 7H 2 
O) , tU+a7-W4A (Na 12 [ (A 1 0 2 ) 12 (S i 0 2 ) 12 ] ■ 

2 7H 2 0) , tl/^7-y-7 5A (Ca 4 . 5 N a 3 [ (A 1 O z ) 12 ] • 

3 0H 2 O) , tl/^a^-y-T*! 3X (Na 86 [ (A 1 0 2 ) 86 (SiO 
2 ) 106 ] -xH 2 0) ft£^Wbn3o ^L<\t^U^^y-y~y 3 A, 
tl/+i7-y-74AT$5. I^y+a7-y-7*H fffliCMb 
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& r^ftffffl&wrsttKj <D&mm** tt&m (i) k**u mo- o 
oi~20fssft, #£b<te^o. i-5fgmsT*5. 

a (iv) 7;i/3^r->H(Dfg^^^#tf e>n^. 
m r7K;p^t-^j titii #i*.fc£ (+) (-) -ffis^ 

v*9Mk (+) (-) -iSiyXfJk (+) -isfctt (-) 

-MH^v<y7°ok°Jl/^i: , (D7 l f:#^'t±S5^X7,7 : -;i/m, (R, R) -£ 
fctt (S, S) -y7x-;H^>l, 2-S>*-^fc£©ft¥SttX*> 

(+) -SfcW: (-) -iCiylfJK (+) - 

& tyt&te&fc?*-M <Dmmm\z* its® (i) k**u »o. ooi 
~4t;Hi, $?£L<&£jo. 0 6-3. ot;vii-r$5. 

& r^-^A (IV) 7;i^*vb*J <tLT«, f^-^A (IV) 

-fV^n^vH, (IV) Xh*vh\ =$-$-^K (IV) 

->Ffc£*«3§tfe>nS. ^IXte^X^A (IV) <V7°D#^vHT*S 

So 

^ r^-^A (iv) t;|/3+->Hj o&fflSte, (i) fc*fU $ 

t^>H, ^^>kFD^I/^yHT"SO, £ £tdff £b< te, 7*>t 
FDW^yFT^^ 

ft r&fc&ij ©fcfflsra:, <t&® (i) Mb, &uo. 5~5^;n*> » 
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£L<teftl. 0-2. O^SIT^S. 

K r 7 Kj <ommm\t. \\&m (i) kml, **jo. 1-3. o*;^*, # 

£b<te*<J0. 5-2. 5^^!^^. 

m ^mmmi tLxu, &m$*$> x*y-;k ya/w-;k 

-iV7°un;-)W£E<DT)Vn-)\,m. ^>-tfx h;i/x>, +vi/>^<D 

ef^x-TMk v^-^-!t>, fh7kFo77>/<i:i:0X-fm S^X 

ifO'irh^I, ^DD^;i/A, V>7UU*$>, X^l/>>^ Uy-i h\ E9 
^bj^^^OADyMbM^X^^ N, N-y^fJl/^A7$ b\ v 

muEftmi^nz. m^m^mtLx^ t-hu^A^h^vH, ^hj 
7)vti^^mti)i^>m^m, tf^uvx tr^^x eouvx ^ 

7$.>mx&K>, mwm\z\tz^x.^)i7^>. smv^d^x^t 

tt r&gj ©^fflfitt, (i) fc*tu #50. i~i o^i, 0? 
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12 

*%w<Dm&8koft£L\,mtvT\t. its® (i) tmimtz. 

(0 its® en &&xsft=?-m<fem*mirz>®mz, ?^ %m®m&£im 
^^t^t-ji^mu^ 3-5-^2* (iv) 7;un+->H^^nL^ 

(2) (I) ^ck^^^ffl^W-r^tlKt^ 7K££tfWa?£$£ii 
10 jJP&> ft^if^^-Jl^^iP, ^ViT^^^A (IV) 7;l/3*'>F£ 

(3) (i) , 3t*j£ttfcs>:*--;v, £*«fiufl**r* 
15 (4) mmmmz. its® u) ^»flsffl&wT*4Mifcj:tf*£*iin«, 

ft¥«&fts?:*-Ji'£&iniu $bHf^-^A (iv) 7;m+^H&*Jn 

(5) <b^« (I) , JHHlfWfl****** *fc«fctfW««lttK:. 
tt&v^-^cktf^-^A (IV) T^a^vFSriiiQU 

±IB^{'*5V^t, h (iv) 7;io*«>F£&unbfc^ 

oot:, $f^b<«, 4o~7ora§, ttiWWMtt, as, mo. i 
25 wrrsmK:, Etf*fe»-2o~i oot:, ff*b<tt, lor-sor 

fr<VTmt>tltzik&® (II) fct, e#&fl©#SM*S^gk 

30 i£ ^D7hif77^-j tbxtt, ^S'lts (#k 7^y^uE)imm) 
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mtbXU, Daisogel IR-60-APS ^V-tt 
5££*tJW , YFLW NH 2 (757) (ffiA«. UlS*^tt«) fc 

5 

tt&m (in «nfctt»*f^ffl» wmftmmiftm. &m&mm> 
io m* -b~mmmm. w&mmm* i/u >vt-iu v xzoinnger-Eiuson) 

, ff&> NUD (Non Ulcer Dyspepsia) , 

1MAL T U >AlioM^«k^l», /Nijn/^^-- fcioU»M,. « 

15 zmfam^ munm, &wmp£±* £mwf&mfr*>mz.2>7hU7) \z 
mmm®*m\zGm-z&z>o 



20 uT\z^mm%mtfT*%wzmzmmizmw?z>i)^ *f&mttz.ti*>\ l z 
m.j£2nz>b<D-c\ti3i\f\ 

7>^ffl^TB*f f ft^t J MTC 0 4 0 0/ 5 4 (4 0 0MHz) Id 

25 H*0!l+a)IB#ttRTOiSi**W-r5. 

s : v>yi/ > y h 

d : ^7* l/>yh 

t : bVfUy b 

m : "TJl/^TVy h 
30 br : *ft£Vi 
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h;U ( I R) \t. /^-+>x;UV— ttKP r a g o n 1 
0 0 KB r£lCT$J£L£o 

i£$ift«J^ (%ee) tt, 7^£te#^A£ffl^3^M^n^h^ 

mmmw^u-^h^yy^-^ (a) ; 

*7A:CHIRALCEL OD (*W-fe;Mfc^l!i TO $3) 
^iftl : '\+1}->/X*/-;i/=8 5/15 
ijflii : 1 . 0ml /m i n 
&tiJ : UV 2 8 5 nm 
^51^^0-7 htf? 7 A (B) ; 

7J^A : CH I RALCEL OD + CHIRALCEL OD-H 

®mm : ^^-9->/x^/-ju=8 5/1 5 

Mil : 0 . 75ml /m i n 
M:UV2 8 5 nm 

(S) -2- [ [ [3-^^-4- (2, 2, 2-hU7MaXh + 
2- [ [ [3-^^;i/-4- (2, 2, 2-h'J7^nxh + y) -2 

-tfUvn;u] ^31 - iH-^>xVi^;-^ (2. ig, 6. 

Ommo 1 , ##1 0 5m 1 £<a&) *<l:^^a7-y-7*4A (2. 
1 g) £g£U 7K (1 2 0 u 1 , 6. 6mmo 1 , ^i<hlTl 2. 
5mmol) &<fctfHPX> (50ml) SrKg^iPLfc. 1 5^»U 
tz&, (-) -iSiyl?^ (2. 6ml, 15. Ommol) ££1^ 
^-£A (IV) -rVT'D^yh' (1. 8ml, 6. Ommol) SJS&SS 
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X^;P75> (1. 0ml, 6. 0 mmol) *W^>tHo/W 
*->F (0. 9ml, 6. Ommol) &ti&$2inU 3B#f B Utj^bfco JE 

1*^7 7 -f- (*# (A) ) fcT#*rU MHt£tt 
(W7 7%, IMi§i$9 1%ee) £$£ISb7c. 

5 

#1«J2 

(R) -2- [ C [3-/^-4- (2, 2, 2-MJ7;M"OXh* 

-» -2-euvx;u] tju7^x;i/] - i h-^>x-t ^^v- 

10 2 - [ [ [3-j*?\M/-4- (2, 2, 2-h'J7MPlh+y) -2 

-euvxji/] - iu-^yx^ (2. ig, 6. 

Ommol) ^tU+a^-y-^SA (2. 1 g) SJI'&U 7k (1 
0 5m1, 5. 8mmo 1 ) ^5«k^h;UX> (5 Om 1 ) £J®#miOU 1 
5#WJ»#Lfc. (+) -lE^vlff (2. 6ml, 15. Om 

15 mol) *3<fctf^x£A (IV) -fV7*n#*->F (1. 8ml, 6. Om 
mol) £J®#i»U 5 0^TlP#P.aJ£#Lfc. 

ftU yi'yynk , JHW$> (1. 0ml, 6. Ommol) %>&X$ 
^^>th*DW+yF (0. 9ml, 6. Ommol) £JlS#miflU 

3 m mmw t & . % *> tutKfom & m ? □ h 7* 7 7 w - ( b ) ) 

20 ICT##tU %mit&W OK* 8 7%, iMSIJ$9 5%ee) £5g|gL 



H»J3 

(R) -2- [ [ [3-^^-4- (2, 2, 2-h'J7MDXh + 

25 -» -2-^'jy-JH pWKI tji^xju] - ih-^>x-t 

2- [ [ [3-PWU-4- (2, 2, 2-hU7MDXh + y) -2 

-tfUvx;p] tti - ih-^>xW^^7-;u (2. ig, 6. 

Ommo 1) ^^l/+i7-W3A (0. 5 g) £Jg-&U 7k (2 
30 6 m 1, 1. 5mmo 1) *5«k^h;i/X> (50ml) &Jfcfc&flDU 15 
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ftmmWLtc* X^T\ ( + ) -IHiylfJl/ (0. 6 5ml, 3. 0m 
mol)*i^-W (IV) <yyo#*->H (0. 4 5ml, 1. 5 
mmol) fc0#3SinU 5 OttlHWbfc. H0E£?£££ffi£*e 
&ftU v<V7°Plf;i'X5 1 ;U7^> Cl. Oml, 6. Ommol) 
5 ^^>th'DW^/H (0. 9ml, 6. Ommo 1) £JH2fctSi«U 

ilJSft£$» (W8 3%, ftft#&g!l$ 9 6 % e e ) %mmVtz 0 

&^t\ frfrzRfemizmi&mki-hvo&frm®. (5mi) sstfu 

10 I^IMllfc. uMy'JA^ (Da i soge 1 IR-60-A 
PS, y<y-^^ttM) *7A^7hiSU i»^fc^$j£*#fco 
M^ia^HM^CylfiH-T^ (5ml) £jjn*.T*E£bfco #r 
tBbfcefe^^ii^ ^Lfe (1. 4g, 1R^6 4%, E*14 2~ 

143*0 o z.n&Mmmfcw?hif7yj- (b) ) nx^tftb, 

15 M^#:jifiJ¥9 7%e e d <h££ll&Ufco 

'H-NMR (400 MHz, CDC 1 3 ) 5: 2. 25 (3H, s), 4. 39(2H, q, J=7. 8 Hz). 4. 72 (1H, 
d, J=13. 8 Hz). 4. 85 (1H. d, J=13. 8 Hz), 6. 69 (1H, d. J=5. 6 Hz), 7. 31-7. 80(4H, 
m), 8. 35(1H, d, J=5. 6 Hz). 11. 5 ClH, br). 

IR (neat) v cm-' : 3069. 1583. 1199. 1165. 743. 

20 

HWJ4 

,(R) -2- [ [ [3-*?)V-4- (2, 2, 2-h'J7JPtDXh^ 
25 2 - [ [ [3-^^-4- (2, 2, 2-hU7MDlh + y) -2 

-tfUv-;u] j*^] - ih-^>x-t^^7-;p (2. ig, 6. 

Ommol) &«fctf^MfrL7-->-:7*3 A (2. 1 g) £*g£U 7K (1 
0 5 Ml, 5. 8mmol) ^HVX> (50ml) SrlS^JJOU 1 
5#MJ!#i/fc. ( + ) -?@5^v<V7°ot:;i, (2. 8ml, 1 
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5. Ommo 1) (IV) -f 7 F (1. 8ml, 

6. Ommol) *M&mnl>T 5 1 ftKfttfUfc. u0SJbl*i 
iStTMl, v-f 7^Dtf;Ux^;i/7^> (1. Oml, 6. Ommol) 
^^^>kHD^M+vH (0. 9ml, 6. Ommol) Sr^iPL 

5 T3P#WHI#bfc. nTh ^7 7 -f- (B) ) £ 
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